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Temporal effects of hemodialysis on measures of
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Temporal effects of hemodialysis on measures of neural efficien-
cy. The short-term effects of hemodialysis on the integrity of the
central nervous system (CNS) were examined. Evoked poten-
tials (EP) and performance on five neuropsychologic tests were
obtained from six patients undergoing maintenance hemo-
dialysis. Measurements were taken 1, 24, 42, and 66 hours fol-
lowing dialysis. A highly consistent relationship between time
since dialysis and EP latency was found. EP latencies tended to
decrease during the 1-hour and the 24-hour recording sessions
(compared to predialysis recordings), the shortest latencies typi-
cally occurring during the 24-hour period, then increasing stead-
ily during the 42-hour and 66-hour intervals. EP amplitude was
largest 1 hour after dialysis, then decreased progressively with
time since dialysis. Performance on two tests of visual-motor
speed and accuracy was best 24 hours after dialysis. The results
indicate that there are consistent and measurable changes in the
responsivity of the CNS which are related to time since dialysis.
Effets de l'hémodialyse, en fonction du temps écoulé, sur le sys-
tème nerveux central. Les effets a court terme de l'hdmodialyse
sur l'intégrite du système nerveux central (CNS) ont été dtu-
dies. Les potentiels évoquCs (EP5) et les performances au cours
de cinq epreuves neurophysiologiques ont Cté évaluCs chez six
malades en hemodialyse chronique. Les determinations ont été
faites 1, 24, 42, et 66 heures après les dialyses. Une relation trés
nette a etC observCe entre le temps Ccould depuis Ia dialyse et Ia
latence de l'EP. La latence de l'EP tend a diminuer au cours des
enregistrements a 1 et 24 heures (par comparaison aux enregistre-
ments prdcddant Ia dialyse), Ia latence Ia plus courte dtant ob-
servée au cours des premieres 24 heures, puis augmente reguli-
Crement a 42 et 66 heures. L' amplitude de I' EP est Ia plus
grande une heure après Ia dialyse puis diminue progressivement
avec le temps Ccoulé depuis Ia dialyse. Les performances au
cours de deux dpreuves de vitesse et de precision oculo-motrice
sont les meilleures 24 heures après la dialyse. Les résultats in-
diquent qu'il existe des modifications importantes et mesurables
de La capacité de rCponse du CNS en fonction du temps écoulC
depuis Ia dialyse.
Uremia is known to produce many physical and
behavioral changes in patients with renal failure.
These include defects in mentation, decreased sen-
sory and motor nerve conduction, lethargy, anx-
iety, insomnia, muscle twitches, confusion, and dis-
orientation [1, 2]. These symptoms are mediated
primarily by the central nervous system (CNS), and
their amelioration or exacerbation is usually accom-
panied by concomitant changes in CNS functions.
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This close relationship between the integrity of the
CNS and the degree of uremia suggests that sensi-
tive and reliable electrophysiologic and behavioral
measures of neural efficiency would be of consid-
erable value in assessing the status of patients with
renal failure. Such measures could provide useful
indicators of patients' relative degrees of physical
health and a criterion against which adequacy of
treatment could be assessed.
The electroencephalogram (EEG) has been one
of the most frequently used measures to monitor the
effects of uremia on the CNS. EEG changes most
often noted include slowing of background activity
and synchronous slow waves [3-8]. Recently, so-
phisticated computerized procedures have demon-
strated that as serum creatinine and urea concentra-
tions rise, the percent power below 7 Hz increases.
As the uremic state is partially ameliorated by he-
modialysis, or neutralized by successful kidney
transplantation, the percent power in EEG shifts to-
ward predominant frequencies above 7 Hz [9—Il].
Studies are now beginning to appear that utilize
an additional technique for assessing the relation-
ship between electrocortical activity and uremia,
namely, the cerebral evoked potential (EP). The
evoked potential is the electrical response of the
brain to a brief peripheral stimulus such as a pulse
of light or a mild shock. When several of these re-
sponses are recorded from the scalp and summed,
they produce a wave of six or more phase shifts,
which endure for several hundred milliseconds. The
amplitude and latency of these phase shifts can be
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quantified and subjected to analysis. The evoked
potential technique has an advantage over the EEG
in that it is under stimulus control, thereby provid-
ing additional information about different sensory
systems, functionally different pathways, and brain
areas involved in the response.
The latency of visual evoked potentials recorded
from patients undergoing maintenance hemo-
dialysis and from uremic patients not yet on dialysis
has been shown to be consistently prolonged when
compared to normal controls [11-14]. In contrast,
evoked potential amplitude has not been found to
be as consistently affected by varying degrees of
azotemia.
To further explore the potential usefulness of
electrophysiologic indices for evaluating the phys-
ical status of patients being treated for end-stage
renal failure, it is important to know the temporal
effects of routine, maintenance hemodialysis on
these measures. Some investigators report a wors-
ening of EEG activity (for example, increase in
high-voltage rhythmic delta waves) during hemo-
dialysis [7, 15] whereas others have observed only
occasional deterioration [10]. Comparison of EEGs
recorded on dialysis days and nondialysis days have
revealed no significant differences [10]. Similar in-
formation pertaining to changes in the evoked po-
tential for periods before and after maintenance
dialysis has not been reported.
In addition to EPs, the current study also used
five neuropsychologic tests as a means of assessing
CNS responsivity. Two of those tests (Reaction
Time and Critical Flicker Fusion) were drawn from
a battery used at this hospital for the past several
years to assess the presence and degree of cerebral
dysfunction [16-18]. Neurobehavioral measures
have been shown to be sensitive to varying degrees
of azotemia in patients undergoing maintenance he-.
modialysis. Auditory short-term memory, continu-
ous memory, answer recognition, choice reaction
time, and the Trail Making Test have all been re-
ported to accurately reflect the degree of renal fail-
ure in azotemic patients [11, 19]. Dialysis patients
have been reported to perform more poorly on ta-
chistoscopically presented dots, Color-Word Rigid-
ity, Quick Intelligence Test, and Critical Flicker Fu-
sion than does a normal control group [20].
The purpose of the present study was to deter-
mine if routine thrice weekly dialysis affects the re-
sponsiveness of the CNS in a systematic manner
that can be detected by evoked potential and neuro-
behavioral measures.
Methods
Subjects. Six male patients whose physical status
was adequately stabilized by thrice weekly hemo-
dialysis participated in the study. Pertinent patient
information is presented in Table 1. The patients
were dialyzed with RSP Travenol machines with an
Ultrafiow II dialyzer (membrane surface, 1 m2) at a
blood flow rate of approximately 200 mI/mm. Each
patient was dialyzed for a total of 5 hours per treat-
ment. Predialysis BUN in this group of patients
ranged from 68 to 94 mg/dl. Because of the low urea
generation rate in these patients, no alteration of
dialyzers or treatment time occurred during the
studies. All measurements were gathered in a labo-
ratory located on the Hemodialysis Ward.
Evoked potentials. Procedures for obtaining visu-
al and somatosensory evoked potentials have been
described in detail elsewhere [21] and will be out-
lined only briefly. Evoked potentials were recorded
from scalp electrodes placed at F4, C, C3, C4, 01,
and 0 according to the International "10-20" Sys-
tem. Both earlobes were combined as a reference,
all recordings being unipolar. Visual evoked poten-
tials (VEPs) were elicited by a l0-sec flash of un-
patterned light directed into a white hemisphere 77
cm in diameter. The hemisphere was 40 cm from the
patient's eyes and 70 cm from the photic stimulator.
Somatosensory evoked potentials (SEPs) were gen-
erated by electrical pulses delivered to the patient's
right index finger. One-hundred stimuli were trig-
gered manually at 2- to 3-second intervals during ar-
tifact-free periods of EEG. The resultant responses
were amplified by an eight-channel Grass EEG ma-
chine and stored on magnetic tape. Responses were
then digitized and averaged, plotted on graph paper,
and amplitude and latencies of wave components
determined.
Neuropsychologic (behavioral) tests. This bat-
tery consisted of five tests, the first two of which
have been described in detail elsewhere [18].
(1) Critical reaction tune. The patient viewed a
frosted glass panel behind which was a horizontal
alignment of four differently colored lights. He was
instructed to respond as quickly as possible to a
designated combination of lights by pressing a key
positioned in front of him.
(2) Critical flicker fusion. The patient peered into
a black viewing box at a 4-mm circle of light 0.44
mL in intensity at a distance of 32 cm. The patient
viewed the light for a 5-second ON interval fol-
lowed by a 5-second OFF interval after each pre-
sentation. After each ON cycle, he reported wheth-
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er the light appeared steady or flickering. Using a
collapsing method of limits (approaching fusion fre-
quency from above and below threshold in one
cycle per second increments), we determined three
successive fusion frequencies and computed the
average in cycles per second.
(3) Associate learning. This test was patterned af-
ter the word association test of the Weschler Mem-
ory Scale. Initially, ten pairs of words were present-
ed verbally to the patient. The association value for
six of the pairs was high (for example, asphalt-
road), but for the remaining four pairs the associa-
tion value was low (for example, shirt-biscuit). Af-
ter the 10 pairs of words had been read to the pa-
tient once, the first word was again stated and the
patient was required to supply the second word of
the pair. This sequence was repeated three times.
(4) Digit span. The patient listened to a series of
numbers recited by the examiner at the rate of one
per second and was then asked to immediately re-
peat the series. Beginning with two digits, one digit
was added to each successfully completed trial until
the patient missed two consecutive presentations.
Subsequently, another series of numbers were simi-
larly recited by the examiner, but the patient was
required to repeat them in reverse order.
(5) Digit symbol. This test was a modification of
the digit symbol test found on the Weschler Adult
Intelligence Scale. The patient was shown a series
of sequential numbers from one to nine at the top of
the paper. Beneath each number was a square con-
taining a symbol (for example, X, >). Each number
was associated with a different symbol. The sym-
bols below the numbers were rearranged before
each testing session. Rows of nonsequential num-
bers were placed lower on the sheet, and the patient
was instructed to place the correct symbol under as
many numbers as possible before he was told to
stop.
Electrophysiologic and behavioral measures
were obtained from each patient immediately be-
fore and after dialysis and once on each of the sub-
sequent 2 days before the next dialysis. This se-
quence was repeated twice for each patient, and the
values reported represent the mean of the two mea-
sures. Recording sessions were designated by the
number of hours since the last dialysis. Hence, the
1-, 24-, and 42-hour sessions were conducted imme-
diately after dialysis and on the first and second day
following dialysis, respectively. The 66-hour as-
sessment refers to data obtained 3 days after the pa-
tient's last dialysis and immediately before his next
dialysis (Friday to Monday). This 66-hour assess-
ment also served as a predialysis baseline. Record-
ing periods for each patient were held at the same
time of day whenever possible. Blood was drawn
for analysis immediately before the onset of each
testing period. During each recording session, visu-
al and somatosensory evoked potentials were re-
corded first, followed by the administration of the
five neuropsychologic tests in a randomized se-
quence. For those tests susceptible to practice ef-
fects (for example, digit symbol and word associa-
tion), alternate forms were devised.
Data derived from all measures were analyzed by
an analysis of variance for repeated measures [22].
Results
Latencies of both visual and somatosensory
evoked potentials recorded from the six dialysis pa-
tients followed a consistent pattern in relation to the
time since the last dialysis.
The latencies of responses recorded immediately
before dialysis (66 hours since the last dialysis)
were almost always longer than those obtained 1
hour after dialysis (P < 0.05). Figure 1 illustrates
this finding for three representative VEP wave com-
ponents. This latency differential was found for
each of ten wave components examined' and was
statistically significant in eight of those instances.
Thus, evoked response latency was always longer
before dialysis than immediately following treat-
I FourVEP wave components from 01, two each from C3 and
F3, and two SEP components from C. were evaluated statistical-
ly.
Table 1. Characteristics of patients participating in study
Patient no.
Age
yr Etiology of renal failure
Duration of
dialysis
yr
Predialysis
body wt
kg
1
2
3
4
5
6
55
57
62
54
37
62
Chronic glomerulonephritis
Polycystic kidney disease
Nephrosclerosis
Nephrosclerosis
Medullary cystic disease
Chronic glomerulonephritis
0.5
7.5
0.75
7.0
5.25
1.0
74.1
65.6
59.0
65.9
71.8
64.2
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Fig. 1. Upper portion: A typical visual evoked potential. An upward deflection indicates a negative voltage change. Lower portion: A
comparison of the mean latency (± SEM) of three VEP wave components recorded from six patients immediately before and after
maintenance hemodialysis. These times correspond to 66 hours and 1 hour since last dialysis.
Fig. 2. Mean latencies of VEPs recorded from the occipital scalp of six patients during each of the four time intervals sampled. P2, N2,
P3, and N3 refer to VEP wave components designated in the upper portion of Fig. 1.
ment regardless of the scalp location monitored (oc-
cipital, central, frontal) or the stimulus used to
evoke the response (visual or somatosensory).
When the effect of time since dialysis was exam-
ined across the 1-, 24-, 42- and 66-hour intervals, a
consistent finding again emerged. Evoked potential
latency continued to decrease during the 1- and 24-
hour intervals following dialysis and then increased
steadily during the 42- and 66-hour intervals. This
pattern of latency decrease and subsequent increase
is illustrated in Fig. 2. In almost all instances, Ta-
tencies recorded 66 hours after dialysis were signifi-
cantly longer than those recorded during earlier ses-
sions. The latencies of EPs recorded 42 hours fol-
lowing dialysis frequently differed significantly from
latencies obtained during the 1- and 24-hour record-
ing sessions. The latency differences between re-
sponses recorded during the 1- and 24-hour sessions
were consistent but did not often reach statistical
significance. Table 2 presents data which are repre-
sentative of these findings.
The relationship between EP amplitude and time
since dialysis was less consistent than that found for
latency. There was, however, a tendency for the
highest amplitudes to be present 1 hour after dial-
ysis, with a subsequent dimunition of amplitude
particularly during the 42- and 66-hour intervals.
This trend was found for both VEPs and SEPs and
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was most prominent in VEPs recorded from the ver-
tex (C').
In contrast to EP latency, there were no reliable
differences between predialysis (66 hrs) and post-
dialysis (1 hr) performance on any of the neuropsy-
chologic tests. Two of these tests, however,
showed consistent changes as time after dialysis
lengthened (see Table 3). Performance on the Reac-
tion Time and Digit Symbol tests was most efficient
24 hours after dialysis (P < 0.05; see Fig. 3). The
Digit Span, Word Association, and Critical Flicker
Fusion tests produced little change across the four
time intervals studied.
The results of analyses of blood samples drawn
immediately prior to testing are shown in Table 2.
Correlations between serum creatinine concentra-
tions and VEP latency were consistently low
(range, 0.03 to 0.34) whereas correlations between
BUN and latency were considerably higher (range,
0.44 to 0.90). Analyses of the relationship between
blood chemistries and the five neuropsychologic
tests produced no significant correlations. The rela-
tionships between blood chemistries and the mea-
sures of neural efficiency were not related in a sys-
tematic way to time since dialysis.
Discussion
The current study indicates that there are tempo-
ral effects of hemodialysis that systematically affect
CNS activity. As assessed by electrophysiologic
techniques, the CNS appears to be more responsive
and efficient during a period approximately 24 hours
after dialysis than either immediately after dialysis
or at 42 and 66 hours later. This finding corresponds
to the frequent clinical report of hemodialysis pa-
tients that they generally feel best the day following
dialysis. Evoked potential latency showed a consis-
tent decrease immediately after dialysis as com-
pared to predialysis (66 hour) values and continued
to decrease during the first 24 hours after dialysis.
Latencies then steadily lengthened and were slow-
est 66 hours after dialysis. These findings suggest
that renal failure and its treatment with hemo-
dialysis systematically affect the threshold or level
of excitability of the cortical and subcortical neu-
rons or neural networks involved in producing the
EP. This hypothesis is supported by findings that
EP latencies are closely related to the intensity of
the stimulus used to elicit the response; namely, as
intensity decreases, the latency of all components
lengthens [23, 24].
Table 2. Mean visual evoked potential latency. creatinine. and BUN concentrations for six patients at varying intervals following dialysisa
Recording session
(hours since
dialysis)
Wave components (0)b msec Creatinine
mg/dl
BUN
mg/dlN2 P3 N3
1. 1 hr 93.3 3.0 125,3 2.9 151.1 2.6 9.0 0.78 44.3 4,98
2. 24 hr 92.2 3.1 124.3 3.4 151.1 4.3 12.7 0.82 6.4.6 6.20
3. 42 hr 93.6 3.9 127.9 3.4 156.0 4.3 14.6 1.06 76.0 5.39
4. 66 hr 96.6 3.3 131.9 3.3 159.4 4.8 15.9 1.76 85.5 4.57
P 4 > 2'.4 > 1.3 4> 1,,3d
3 > l,2
4 > 12d3 > 1,2c
a Values are the means SCM.
bThese wave components correspond to those shown in the upper portion of Fig. 1. N2, P3, and N3 are representative of results found
for seven other visual and somatosensory wave components examined.
P <0.05.
dp <0.01.
Table 3. Scores of six hemodialysis patients on five neuropsychologic measuresa
Test
Hours since dialysis
P1 24 42 66
Critical reaction time, sec
Critical flicker fusion, Hz
Associate learning, total score
Digitspan,no.forward +backward
Digit symbol, total score
0.453
25.03
11.73
11.16
51.50
0.031
1.02
1.47
1.07
3.80
0.415
26.30
11.91
11.33
56.25
0.033
1.01
1.63
1.07
3.90
0.450 0.036
26.53 0.79
14.33 1.02
11.50 0.96
52.33 4.09
0.512 0.037
25.85 0.76
13.21 1.51
10.75 0.99
49.67 3.81
<0.05 (66 > 24)
>0.10
>0.05
>0.10
<0.001 (24 > 1,42,66)
a Values are means SEM.
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Time since dialysis, hr
Fig. 3.Mean scores of six patients obtained on the reaction ti,ne
and digit sy,nbol tests. Reaction times have been plotted so that
an upward deflection represents improved performance. Per-
formance on both tests was most efficient during the 24-hour test-
ing interval.
Latency changes in the EP have been shown to
correlate with neurologic impairment in other cir-
cumstances. Slowing of EP latency has been noted
in multiple sclerosis patients who show no other
evidence of brainstem demyelination [25] and con-
sistently seen in patients with amytrophic lateral
sclerosis [26]. Drugs such as marijuana and alcohol
have also been shown to systematically affect EP
latency [27]. Although amplitude differences are
found between hemodialysis patients and healthy
individuals [13], most studies have reported latency
measures to be more sensitive to changes induced
in the CNS by renal failure [11—14].
Two of the five behavioral tasks demonstrated a
trend similar to that noted for EP latency. Perform-
ance on the reaction time and digit symbol tests was
most efficient during the 24-hour testing period.
This finding suggests that tests reliant solely on vi-
sual acuity and cognition (Critical Flicker Fusion,
Digit Span, and Word Association) were less sus-
ceptible to the short-term effects of dialysis than
were tests of visual-motor speed and accuracy.
Grundvig and Greaner found no significant dif-
ferences in the performance of 36 patients on a bat-
tery of 13 sensory-perceptual tests administered im-
mediately following dialysis and again the next day
[20]. Those investigators, however, apparently did
not extend their measurements beyond 24 hours.
The differences found in the present study resulted
primarily from contrasting measures obtained rela-
tively soon after dialysis (during the first 24 hours)
with those of later periods (42 and 66 hours).
The correlations between indicators of the severi-
ty of uremia (that is, serum creatinine and BUN)
and electrophysiologic and behavioral measures
were generally small and nonsignificant, perhaps
due in part to the relatively small number of patients
studied. Although the levels of creatine and BUN
increased steadily across the four time periods, EP
latency and performance on the behavioral tests did
not always follow that pattern. During the 24-hour
testing period, EP latency decreased and perform-
ance improved on some measures despite a steady
rise in the concentration of uremic indicators in the
blood. Perhaps improvement in the fluid and elec-
trolyte disequilibrium, which frequently occurs in
the immediate postdialysis period, is manifest dur-
ing that particular time interval following dialysis.
After 24 hours, creatinine and BUN concentrations
and the measures of CNS efficiency deteriorated si-
multaneously. It appears that the biochemical in-
dices of uremia, particularly at lower levels, may
not always reflect the electrophysiologic status of
the nervous system.
The results of the current study indicate that
there are systematic changes in neural efficiency
during the course of maintenance hemodialysis.
One implication of this finding is that if one wishes
to obtain repeated electrophysiologic or behavioral
measures it is important that recording sessions be
held during the same time period following dialysis.
In addition, our results suggest that electrocortical
and behavioral measures may hold promise as po-
tential criteria against which the adequacy of dial-
ysis could be judged. Such measures might also pro-
vide baselines from which the effects of variations
in treatment techniques could be evaluated.
The current results add to a growing body of evi-
dence that the pairing of electrophysiologic and be-
havioral measures may provide a potentially ef-
fective and broad-based method of assessing the
neural and cognitive alterations imposed by uremia
and its treatment.
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